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Abstract:  This paper determined the concentrations of polychlorinated biphenyls (PCBs) and
dioxins (PCDD/Fs) in anaerobic digestive sludge and thermal drying sludge by isotope-dilution high-
resolution gas chromatography-tandem high-resolution mass spectrometry, and assessed their the
ecological risk by acute toxicity test of photoluminescence bacteria. The toxic equivalents (TEQs) of
dioxin-like PCBs (DL-PCBs) and PCDD/Fs ranged from 1.50 pg/g to 32.50 pg/g (measured in dry sludge),
which were lower than the standard value of 100 pg/g set by the European Union. Among them, PCB 28
and PCB 118 were the most abundant substances in indicative PCBs (I-PCBs) and DL-PCBs, respectively.
The concentrations of PCB 28 and PCB 180 in thermal drying sludge were significantly positively
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correlated with the concentration of I-PCBs (P<0.05). The composition of PCDD/Fs in anaerobic digestive
sludge varied greatly. Octachlorodibenzofuran (OCDF) had the highest concentration in samples S1-S6,
accounting for 66.2%-88.9%, while octachlorodibenzodioxin (OCDD) had the highest concentration in
other samples. Sludge age was the main factor affecting the concentration of PCDD/Fs. Different from
anaerobic digestive sludge, OCDD was dominant in the thermal drying sludge. The results of acute
toxicity test showed that the 50% effective concentrations (ECs,) of anaerobic digestive sludge and thermal
drying sludge against Vibrio fischert were 76.3 g/L. and 30.4 g/L. at 15 min and 21.6 g/L. and 12.5 g/L at 30
min, respectively. The inhibition rate of thermal drying sludge against Vibrio fischeri was higher than that
of anaerobic digestive sludge, which was contrary to the results of TEQs, pepovconry- Therefore, a single

chemical analysis could not fully reflect the ecological risk of sludge, and multiple factors should be
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comprehensively considered.
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— 3T fi# PCBs 1 PCDD/Fs 1£ 15 I8 1 (1943 A Al A 25
AR, 2675 AL s B3 T ¥ K Ab B R AR IR A TH 1k
5 e T A5 U, % 9 Bl 2SS 8 Y PCBs Al
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1.1 HRRE&E

A BIGAKAN IR AE T 28 MG IR A . A
B 15K FR 1 T 253850 A0, A F K 55350 Ry
100x10° #120x10* m*/d . PR 483 615 U8 A A 757K 4k
R RAR AT IR il R AR (37 °C) FIES O
WK, B KRN T 80% . A1k 15 U A B 5 7K Ab
PR)ORAE A5 e K G, 7F 230~260 °C T #E1 T4
TAb, EIKFRAE40% L4 . Fifa s et i AR T
BT R B AR VR T4 48 h.

1.2  PCBs#1PCDD/Fs 44

PCBs £ PCDD/Fs 19 3 #r i H R} 2 B 2R A8 36
BRI O B S G 5 5 A, B S A R 3 AT I
T3 B HE USEPA 1668A 1 1613B J7 1%, FLAK 43
MrorikZ W 3ciEk(17] 18],

1.3 ZXEAMSHETR
1.3.1 {5 ERIUR A il %

PEBOE R PSR 5 R B, T 41
PEA G e dE b il 25 B K L LA (DMSO)
FIE C e X5 P #E AT 4 . 2 B8 oK S UM - 7
100 g 15 ANA 1 LA B 7K, 7E 25 "CHI1 150 r/min
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ZMFFIR$20.5 )5, A9 000 r/min &5 0> 15 min, B
AW pH R 6~8, A7 T -20 CHREE T il .
DMSO $2& B - 76 10 g V5 U H A 20 mL 100% 1)
DMSO, 2 i F L 200 r/min 2B 2 h, BU 37 BAE X
F=20 CHEE N RFI . 1ECBEFRHOR 76 4 gI5 08P
FnA 25 mL 1E & %€, 78 200 r/min R 4251 h, 1 000 «/
min F 0 10 min, BE I, A4 5 H DMSO
TR AFRE T 20 CEREE R A
1.3.2 KROGHEER

15 R HREAY X 2% [COR B 14 56 38 2 2R 1S0
11348-3 FEATMN A2 o 9% DI R 1Tk B2 52 9 Wk
(2% WEALAN) BT 4 CF 2 10~15 min, 2R )5 K%
B EA G TR RS T TR R
F&E 10~15 min. J2 W B[] 4351 24 15 F1 30 min,
ANFESREATINRE 3K, SLU 5 T LAA XS KGR (L) Al
FEXTIER (D FoR, W (1) (2) . HE R0 R
R ARG E R RCA RO B (ECy) o

B LR

s P e 0% w

I=1-L (2)
1.4 SRS

21435 Y8 H PCBs F1 PCDD/Fs Y e J3 A% T 46t FR
if, S (E e 0 #EA T34 . PCBs Ml PCDD/Fs 14728 5
ROV )l AR HE 22 B LUOF-3{E , PR3 LA 100% 11
HAE,
2 ZR5®
2.1 PCBsiRE

8 7~ 1 PCBs (1-PCBs, £ f PCB 28, PCB 52,
PCB 101 .PCB 118.PCB 138 .PCB 153 1 PCB 180)7F
PRARH AL T Ve AT T4k 75 U8 v vk BE (LT3 t)
53R 3. 75~4. 94 (4. 35) nglg #14. 07~9. 83 (6. 25)
ng/g( WK 1,455 h AT R P8 ) o 3k 2Lk B2 A%
T MR BRAE (800 ng/g) , M3 K35 6 (5 600~11 000
pe/kg) P AL E AL TSR (2 051 pg/kg) BPF(1 604
welkg) FATFAEIT IR (331 pglke) S BYHREE

PCB 28 j& I-PCBs "1 i i fi = 9 AL & 4, 7E IR
ST AT e AR Ak S U Y S 2 R R 4y S R
2.49 ng/g ( 5 H N 57.2%) F1 3.51 ng/g (5t N
56.2%) o X —45 4 5 EIEEJE VU5 e ik B
AL, AH 5 Jity 35 e g [ s e i v B TS
PRRIEAFTEZE S o TER LI, B — DA
(PCB 28 Fl1PCB 52 1) /5t oA 76% ) 4, HATRE Sh 34 LA

PCB 153 il PCB 138 4 32, PCB 28 ¥ i f iK"Y, A<
WF5E rh PCB 28 ¥ B fie i , 3X A fig 5 R 4 (KC300
KC400 F1 Ar1248) %5 PCB 7 i (OB 7, #4T
35 U8 H R SR Y PCB 28 F1 PCB 52 19 5 L Y18
T IRA NG IR Y, X AT e A AT 10 A 3%
fI% TR PCBs 119 v B2l vy 18 PCBs 7E IR 4
FAF AL ARSI PCBs™

F1 REBHWTRIMBTFTIRF I-PCBs ik E
Tab.1 I-PCBs concentrations in anaerobic digestive
sludge and thermal drying sludge ng-g’
=] REAHETR | TS50
2,4,4- = GHR
1.96~2.88(2.49) | 1.82~6.07(3.51)
(PCB 28)
2,2'.5,5' -PUGIERIE
0.39~0.56(0.50) | 0.49~1.01(0.69)
(PCB 52)
2,2'.4,5,5 - AR
0.23~0.30(0.27) | 0.25~0.45(0.37)
(PCB 101)
2,3 4.4" 5~ TR
0.20~0.35(0.29) | 0.25~0.42(0.33)
(PCB 118)
272?3745455_/;\%3:%%
0.24~0.40(0.33) | 0.34~0.72(0.52)
(PCB 138)
2,2',4.4' 5,5 - NEWHK
0.28~0.61(0.43) | 0.37~1.26(0.73)
(PCB 153)
2,2.3.4.455- LKA | 0.001~0.120 0.007~0.370
(PCB 180) (0.06) (0.13)
[-PCBs ¥k i 2L 3.75~4.94(4.35) | 4.07~9.83(6.25)

TR le 40 T AL 3, 3 73 PCB H
Wk, BARE IR . PCB 28 f1 PCB 180 5 I-PCBs
ZRLAEFE b 2 1 TE AH DG OC F& (P<0. 05) , AH G R 4K
(R®) 4354 0. 996 F10. 980, 2 I 25 X W A7) Jii ik 4%
A8 R BT A5 P FP I-PCBs IR . S #TAL
15U AH L, IR AR AR 5 T T A% 45 Bl LA TG vk A - b
F8 78 1-PCBs MR FE , R 512 vk B2 = 9 PCB 28 5
1-PCBs [ A e85 (R°=0. 511) .

TE PR A IH AL T5 e F i T Ts e rh, ks 2k
PCBs (DL-PCBs) B i 4351 41 328~705(546) pe/g
F1554~771(651) pelg, Bt 2 (WHO-TEQs , #% i
DA H AR B Y K EED) 43 9 0. 20~
0.56(0.38) pg/g F10.26~1. 14(0.55) pg/g( W% 2,
&5 BT N 34{E) . PCB 118 J& DL-PCBs H?
W B S5 e P B 7 IR 4RI Ak TS Ve AR Tk 5 Dl
()1 24 e JE 43 531 S 288 pelg (15 LK 52. 9% ) F1 334
pelg (5 12K 55.3%) , ok ol PCB 105, i A i
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o1, PCB 118 Fl1 PCB 105 (5§ DL-PCBs 1) 61%~82% , i%
Ui BTG AR IR AT RE2Z 2] T R NS (KC400 . KC500 F1
Ar1254) BYSZN o (= B2 Y PCB 126 TEAE & H 1 A6
R T IK 91, 7%, N 0. 22%~1. 73%, H TEQs /5
P& T WHO-TEQSs 11 pes) 1 79. 2%, J&= DL-PCBs B 7%
B FE B BT . A, PCB 77 I PCB 126 4 (5 1L
1. 01%~12. 4% , H AR5 5 5 MR B A Tl 2E 7 1% 5

*H%O
*2

Tab.2 Concentrations and TEQs of DL-PCBs in

anaerobic digestive sludge and thermal drying sludge

REHEWTRMNHTFLITIRH A DL-PCBs K B Fn

pgrg’

T H FATTGTE | AT Hi5TE
3’3,’4(’31613@71?)@%% 0.38~74.8(36.2) | 10.4~84.9(50.6)
3»4’4£§C‘E§ﬁ% 0~9.79(3.37) |0.65~7.77(3.21)
273’3/5;4”3113_13%5;(@% 61.3~147(118) | 87.8~166(132)
273747(41)’ g};ﬁ%ﬁﬁ‘ 8.76~19.1(14.0) | 12.5-16.5(14.2)
2334&‘)’62‘13?8%”*% 197-345(288) | 251~424(334)
2'73’4(’;‘;'53‘13%;%7@*% 2.77~51.7(17.0) | 6.22~54.0(20.4)
3,3',464)’(5:]33—13225‘;(@%% 0~4.89(2.81) | 2.25~10.8(4.93)
233'7?1;‘&’];5;;%@% 18.3~53.9(38.5) | 47.0~72.7(55.3)
2’3’3'»‘?}‘)‘8;1‘5*7\)%%% 3.99~14.4(9.25)| 9.25~12.6(10.4)
23'»4"2;;563'1‘6’;7‘)%%% 430~16.4(12.4) | 12.7~19.6(18.1)
373”4"2;Z’§/;£)§“E*$ 0.54~2.35(1.49) | 0.40~1.45(1.11)
2’373’747(41)’ g}fg;gﬁ%ﬁ 2.63~6.40(4.39) | 3.75~12.9(7.08)
DL-PCBs ¥ i3l 328~705(546) | 554~771(651)
WHO-TEQs 0.20~0.56(0.38) | 0.26~1.14(0.55)

PCBs [ CV 7E R E AL 15 Je FE 415 e i 4y
K 14%~116% F1 12%~131%., #1615 I8 7 PCBs
) CV B o T H A 5T (11%~66%) ", Ui PCBs
WL Y CV ZE Rl — b T 2R R IR 5 e b
FEARTE], Hoh, PCB 8114 CV 28 fk e Kk, 72 DRI 1k
15 P AT TE T P KT 100% , 53 510 1169% Fl
101%. 4 ,B% PCB 81.PCB 126 F1 PCB 189 4, [

AR TS Ve b HAl DL-PCBs (9 CV #78 T T4k 15
Je . A2, I-PCBs 8% T PCB 118 Z 4k, H 4%
1-PCBs iy CV I TR i5 e
2.2 PCDD/FsiRE

IR AT AR5 Y8 AT A 75 U2 Hh Y PCDD/Fs Yk
FE 43 51 R 75.7~4 049 (1 278) pg/g F198. 0~1 298
(364) pe/g, I-TEQs (4% E Pr gt 4 & K 7115 43
3 0.91~31.40 (9. 50) pg/g Fi1 0. 78~8. 64 (3. 09)
pe/g( VL3R 3, 465 BT I P ME) . PRSI
PCDD/Fs i 1-TEQs % T KR 4 1% 7 i 45 (B (100
pe/g) FUHE A5 IR 3. 35~91. 70 pg/g™ FIFe [E 4R 43
M XI5 R 17 2. 51~75. 2 pg/g®' s BH M T {5+
(1 TEQSpepn, 5 TEQspepe 19 HLAEL (R) KF 1, FEAMF5E
1) 28 MG A a T AU — MM RIER T 1,8
1.3, X 5 Z iR s A A0

PR AT A6 75 e Fn 4T 4 75 U DL-PCBs il
PCDD/Fs 1) TEQs 1 (75 4 TEQS 11 _nenerconre)
1. 50~32. 50 pg/g, H: /i PCDD/Fs () TEQs 5 80. 2%~
99.9% . ARG B AT — AR AH Ak 15 U #E b 1
TEQS 1_pessrcopa FE 3T 20 pefe, Holi5 TR FE S 244K
FUCAA , 1R E T A5 Ve AR & B TEQS (1 penerconm N
32. 50 pg/g, X AT B T35 Ve AR 58 K B HEAL, 5L
15U K 22 25~28 d, LLIEH 1 0L T IR 15 e
1 (15~17 d) 2 10 XK BB W T5 Ve s vl gesg m 1
PCDD/Fs Fll PCBs A% BE 2 TEQS (1 -penespconrn T o H
IR, V5 U 1 AT g J2 52 75 Y H PCDD/Fs F1 PCBs
W T TEQs I H ELH &K .

R 4R, PCDDs [t PCDFs T8 5§43 fit . 75
P gl mi A B |, = A B PCDDs 23 8% 73 iff 1 1
P& AR S &9, PCDDs (3 2 Bt 45 1R S
() Th e S L B, T PCDFs (1) B M ) 23 B AR
AR5, PCDFs 1) TEQs {H 7 R 24 1k 15 e b i
A4 T5 Y (P<0.05) , 44T PCDDs #l DL-PCBs 1Y
TEQs JC i & 22 57 (P>0. 05) , ¥ W ¥5 Jé il 1+ 1k it
FEIF A B PCDDs B EE PRGN, 13X T B 1 T
AR S 230~260 °C, KT S8 sy < 17
(300~600 C) .

15K (93K P8 2 5% PCDD/Fs 2 i E B
JNEAR 2RI IS (OCDD) 5 /A — 2 3wkl
(OCDF) iy i A8 Ap HA H8 /w5 X, 5 OCDD /& T
OCDF B, & B V5 Y ok Y5 A8 16 sk 17 5 7K 5 A
24 OCDF & T OCDD B, n] fE Rk & Tk B /K #E A
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TG ARAR R FEARHE G, R AR TS YR
PCDD/Fs 2H BZZ AR, i S1~S6 1 OCDF (& HiR
K, K 66.2%~88. 9% , HAWAE i H OCDD (5 Lh e K
(DL 1) o e B 7ERE i S1~S6 BUREI R] | A V5
IRAL PR FEW 75 K A 70% R A TG 15 7K \30% R

Tl K. ST IeH,S16 L OCDF 3, 5
F ok 55.0%. 4k, HpCDF 1 OCDF (1) /5 Hb i ik
61.3% 31X —45 R F M, B {5 /K Ab B ) 7E S16 HURE 1]
[l 75 K TRl g & A S . OCDD % OCDF
IR 25 A LA A 5 rh Ay 2 B

*3 REENTRMATHTRFAAPCOD/FREMSELE
Tab.3 Concentrations and TEQs of PCDD/Fs in anaerobic digestive sludge and thermal drying sludge

1,2,3,7,8,9- 7N FAC I .k
DI

1725394969778_/{:%1%:2—'&#: M 1,29374565778_HPCDD)

3.20~117(23.60)

pg g’

i H DA AR5 e A5
2.,3,7,8- P04 = I IEHE(2,3,7,8-TCDD) 0~0.84(0.17) 0~0.40(0.12)
1,2,3,7,8— 1L Z8A% 29 —1EDE(1,2,3,7,8-PeCDD) 0~9.80(1.51) 0~2.40(0.41)
1,2,3,4.7.8- 4048 29— 1EHE(1,2,3,4,7,8—HxCDD) 0~6.45(1.02) 0~1.20(0.22)
1,2,3.6,7.8- 448 269~ NEYE(1,2,3,6,7,.8—HxCDD) 0~18.20(2.45) 0~3.70(0.81)
#:(1,2,3,7.8,9-HxCDD) 0~10.90(1.63) 0~1.40(0.41)

B(

5.10~58.70(14.9)

0CbD

36.10~602(193)

31.70~782(166)

2,3,7,8-PUEAR I m(2,3,7,8-TCDF)

0~12(5.46)

0.90~6.20(2.55)

1.2,3,7,8- H A = 2 I W m(1,2,3,7,8-PeCDF) 0.38~14.20(5.19) 0~3.30(1.03)
2,3,4,7,8- T A AC I LN (2,3,4,7,8-PeCDF) 0~22.50(5.22) 0~6.30(1.86)
1,2,3,4,7,8-7SE AL K IF KR (1,2,3,4,7,8—HxCDF) 0~44.40(11.90) 0.80~6.99(2.86)
1,2,3,6,7,8-7S @A K IF KR (1,2,3,6,7,8—HxCDF) 0~15.30(6.63) 0~6.80(1.84)
2,3,4,6,7,8-7N AT HIFIENHE(2,3,4,6,7,8-HxCDF) 0~38.30(7.16) 0.20~19.60(3.35)
1,2,3,7.8,9-7S &M 2RI K (1,2,3,7,8,9-HxCDF) 0~6.70(1.41) 0~7.40(1.00)
1.2,3,4,6,7,8—L &0 FEIFEIR(1,2,3,4,6,7,8-HpCDF) 4.91~355(81.30) 3.00~29.0(11.1)
1,2,3,4,7,8.9-- L EAC AR IFIEMG(1,2,3,4,7,8,9-HpCDF) 0.77~30.10(11.00) 0~4.14(1.46)

6.50~2 816(627)

6.00~171(44.10)

75.70~4 049(1 278)

98.00~1 298(364)

0.91~31.40(9.50)

0.78~8.64(3.09)

OCDF
PCDD/Fs ¥ & B Al
I-TEQs
W2.3.7.8-TCDD W 12378-PeCDD ™1.23.4,7.8-HxCDD M1,2.3,6.7.8-HxCDD M1,2.3,7.8,9-HxCDD
1.2,3.4,6,7.8-HpCDD ® OCDD W23.78-TCDF W1.23,78-PeCDF  W234.78-PeCDF
W1.23478-HxCDF ™1.23,678-HxCDF®1.2,3.7,89-HxCDF M2,3.4,6,7.8-HxCDF W1.2,3.4.6,7.8-HpCDF
M1.2,3.4,7.89-HpCDF ® OCDF . .
100 IR I5 HAIE
I \ HE 1l U 111
TR
80 \ |
S |
S 60 |
= |
Jﬂ 40 |
20 ; I
o2 | | I I l SRR 11 |
— < - (=} o o (=)} N wy o0
95} w2 9} — — — — o ol o
95} wn un 95} un un 95}
B

1 REHELFTRMATLTIEH PCOD/Fs BIAHM
Fig.1 Composition of PCDD/Fs in anaerobic digestive
sludge and thermal drying sludge

PCDDs 1 PCDFs 73 %/ 1 OCDD Ml OCDF 2y &,
HpCDD 1 HpCDF ¥k 2" . PCDD/Fs H = & 18 1
HpCDD #1 0CDD % b A& & , 1 AR 52 A #Y PeCDD/Fs
i HLARAR (0. 18% ~ 6. 26%) o WLAMNA K& IR, #5019

(PCP) A2 758+ PCDD/Fs 19 E B R, K K 1,2,
3,6,7,8-HxCDD 5 1,2,3,4,7,8-HxCDD iy [
(0.51 ~ 7. 33)FE A #2478 T 20 (BRAE i S17
W LAE R 37 40)  IF B r A5 e 1,2,3,4,6,7,8-
HpCDF/HpCDF Y FL{H (0. 78 ~ 1. 0) & T 0.5, X th
5 H AT A4 AR AR 0

FE PR e 15 e A T e is e b ARE AR
TCDD/Fs #l PeCDD/Fs 7£ PCDD/Fs H i 5 F P ¥ {8
539K 14. 6% . 18. 6%, 1= T HAWAF T L5 H (3. 4% ~
15. 4%)"" , #4F 4k 15 U H 1% TCDD/Fs Fl PeCDD/Fs
B SRR AT B e SR Y PCDD/Fs 7E AT b i
25 A3l AR SR PCDD/Fs™ , PRAE TS A5 U8 F
A5 Ve H PeCDFs 19 41 A7 76 25 5% . HAROk
Wi, 1,2,3,7,8-PeCDF Ml 2,3,4,7, 8-PeCDF 7&
PeCDFs i (& o AE PR AT AL T5 Je A T4k s e v
751k 28. 6% ~ 82. 3% (V-3 4 65. 5% ) F150. 0% ~

« 05 .
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100% (°F-44 4 79.3%) , PeCDFs W 1A 1,2,3,7, 8-
PeCDF #12,3,4,7,8-PeCDF 2N F B9 4 i =X 5145
TP SREEAR ) HE 4 2 AR AL

RS AR TS Ve A # T 4675 U8 H PCDD/Fs B4R
B CV 1E 53 W 719%~190% H1 53%~196%., 5 T
OCDD 4k, JREJH 15 6 H PCDDs [ CV {H ¥ LA
5 , R IRATH LTS T PCDDs A8 fE T
2.3 EYRFEMNEXE

15 Y8 H i) WHO-TEQs 5 PCB 126 (R*=0.99) .
DL-PCB 5 PCB 118(R*=0. 94) .DL-PCB 5 PCB 105
(R=0.72) B2 IEA KK R (P<0.05) . A5 KL,
I-TEQs 55 OCDF % OCDD HA IFAH X E (HA
%8 H I-TEQs 55 OCDD 1 OCDF Jf JC i 2 1 A &k
(P>0.05). 1-TEQs 43515 2,3,4,7,8-PeCDF (R*=
0.79).1,2,3,4,7,8-HxCDF (R>=0. 86) .1,2,3,6,
7, 8-HxCDF (R*=0.87) .1,2,3,4,6,7, 8HpCDF
(R=0.81) % 1,2,3,4,7,8,9-HpCDF (R*=0. 74) H.
i 1F A6 &1 (P<0.05) . OCDF ¥ 5 PCDD/Fs (R*=
0.86).1,2,3,4,6,7,8-HpCDF(R*=0. 75)f11,2,3,4,
7,8,9-HpCDF(R*=0. 72) B A IEAH &4 (P<0. 05) .
2.4 SiREBENEZAENRESE

IR AT AT Y ARk 5 e xoF 9 LGOI Y ECs,
W34,

F4 REBWTRMATNT R 2 EIME M EC, &
Tab.4 EC,, values for 15 min and 30 min of

anaerobic digestive sludge and thermal drying

sludge against Vibrio fischeri

F i [PEATEATE IR EC/(g- L) AT TG EC, /(g L")

Fsf [)/

min

EEFI/K| DMSO |1E %€ |5 F7K| DMSO | IEE ke
RBOR | FRBUR | IRBOR | RBOR | IRBOR | RBUR

15 76.3 10.1 6.3 30.4 8.9 5.7

30 21.6 7.4 4.0 12.5 2.6 1.4

NFE 4 0] 0L, T4k T e ) 2% ECI B il 0 il 7R
FHE T PRAEIE A5 U, Uk B S U8 X & ' B A 100 i) 2%
Alae S ATy A . AR IRATH TS Ve
X R OGTRE A B AR AE (R HEAE IS, 6 R
TR 1141 ) 3 I PR AR J TP . DR AT
A3 Ve AR AT e ) £ B K S U AE 15 min
5 A EC,, 1E. 43 51 M 76. 3 F1 30. 4 g/L; 30 min B /Y
EC,, 235 4 21. 6 F1 12. 5 /L, 3 7E ] AR T Hifth
HiIX A5, Ak, DMSO FIIE & ked i 15 9
HEE PR T B A AL S BOS Ve A Y EC, 1H

A, IE CRe B BOR Y EC,, (B A% , 1% 5 HABATF 5T 19
ZE LAY, Kapanen 55 & 3, PCBs A1 PCDD/Fs ¢
JEE 5 B RE R RO TR A FE PR T R (HAEAR ISR
o, R AR5 U 1 TEQS (1 -pepereonre 3 3 FIEEHUR
1) ECy, - JCAH S& 1 , 3X 7] fE 42 75 Je H 1Y) PCBs Al
PCDD/Fs ¥ BE#A% , 1M H & G B 2524 T R A
J& PCDD/Fs I PCBs 1% 3= S8 ] #5:4%% .
3 “i

@O DL-PCBs il PCDD/Fs i TEQs & 1 Ky
1. 50~32. 50 pefg, i T AH &5 Ve An i BR (A, HLW A
15 U8 1Y 2% B8 7K 38 BOR 35 M B W AR T At b X 75
Te i Bt

@ IR I5 U6 S T4k 75 U PCBs Al
PCDD/Fs W REPE Y 1 5 & OGTR Y Sk Btk Z 1] 9%
A E A O X AT AR B O T e R A B 4R
PCBs 1 PCDD/Fs (¥ FE AR, KOG AR &
PCDD/Fs Fl PCBs (1) 22280 m) 5P . (HJ, 2GR X
28005 Y R SRR TR R A SR 25 1A 1 YR 25
AREENTE,
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